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(54) ATM cell switch 

(57) An ATM cell switch comprises a leaky bucket processor arranged to calculate the resultant bucket level 
for a pair of buckets simultaneously. Each resultant level is measured by calculating the time interval between 
the reception of two consecutive cells on the same connection. From this measured interval and a 
predetermined regular bucket increment, the resultant level in the bucket is determined. It is then compared 
with a predetermined maximum level. If the maximum level will be exceeded, the current cell will either be 
discarded, or have its Cell Loss Priority changed. 

The cell switch also has means for processing header data for each incoming cell to determine how it 
should be handled in the switch. 
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, .... . ATM CELL SWITCH. 

Field of the Invention 

Tins invention . relates to an Asynchronous Transfer Mode (ATM) cell 
switch for use, for example,; in, switching . cells of data between a plurality of data 
5 links; The cell switch , employs a controller , for cell header translation and traffic 

policing to regulate the flow of data. . * .-. 

Background to the Invention, ... 

The ATM FORUM specification defines criteria for traffic control and 
congestion control for B/ISDN (Broadband Integrated Services Digital Network). 
10 ATM Layer Congestion is defined as a state of Network Elements (e.g. switches, 
• concentrators, cross-connects, and transmission links) in which the network is 
not able to meet the negotiated Network. Performance objectives for the already 
established connections. In general, ATM Layer congestion can be caused both 
by unpredictable statistical fluctuation of traffic flows, and by fault conditions 

15 within the network. ; . ^ ^ ./•' 

Generally, there are three, types of ATM cell: CLP0 (Cell Loss Priority), 
which are the higher priority cells; CLP 1, which have a lower priority, and can 
therefore be discarded in preference to CLPO cells; and.OAM (Operations And 
Maintenance) cells, whose function is. to: maintain connections and perform gen- 

20 eral network management tasks : they do not form part of the data being trans- 
mitted, For the purposes of the present invention, only the first two types of cell 

will be considered. ■■-,<• • • •: ■-. \ 

- Two different types, of bandwidth requirement have to be policed in a 

typical ATM network: Peak rate' and Sustained rate. The sustained rate policing 
25 looks at the average data rate for a particular connection to see that the agreed 
average bandwidth has not been exceeded, while the peak rate is arranged to 
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look at bursts of data, typically allowing a* peak rate in excess of the.sustained 
rate. 

In managing congestion, a Network Element may selectively discard cells 
with low priority if necessary to protect as far as possible, the Network. Perform- 
5 ance for cells with high priority* Network cell switches are required to regulate 
congestion by discarding cells which do not conform with the predetermined cell 
flow rates for that user, which will take account of cell priority. . 

To do this, the cell processor .in the switch typically employs a 
continuous-state leaky bucket algorithm, which can be viewed as a finite- 
10 capacity bucket whose real- valued content drains out at a continuous rate of 1 
unit of content per time-unit, and whose content is increased by the increment I 
for each cell which conforms with the agreed rate - sustained or peak, as appro- 
priate. This is referred to as a "conforming cell*. 

Alternatively, the leaky bucket algorithm can be viewed as the work load 
15 in a finite-capacity queue, or as a real- valued counter. 

If at a cell arrival the content of the bucket is less than or equal to the 
limit value, L, which is set at less than- the bucket capacity, then the cell is con- 
forming'. Otherwise, the cell is nonconforming. ?The capacity of the bucket (the 
upper bound on the counter) is L + I. ■ ' r . ... 

20 For each bucket, there are three parameters: Current Bucket Level; 

Bucket Maxiifium Level; and Bucket Increment. In addition, there is. a fourth 
parameter which is global to all the buckets, the Time Stamp. The Current 
Bucket Level is an integer variable which is analogous to the amount of water in 
the leaky bucket at the current time. The Bucket Maximum Level is a measure 
25 of the size of the bucket! In the context of ATM, it is a measure of the burst size 
of traffic that can be handled, and'' will be set according to the available 



bandwidth and the type of traffic. The Bucket Increment is the addition to the 

; ■ content of the bucket represented by each.new cell. The bucket has a constant 
drain rate - in a unit time, the bucket will decrement by one unit. The Time 
Stamp' is used to ealculate"the amount of drain. In the leaky bucket, algorithm, 
5 one only looks at the bucket values when a cell comes in. The time difference of 
the arrival 'of cells on the same connection is measured, and this gives the "drop 
in level* of the bucket. The. cell arrival time or time stamp is recorded along 
with the other values in the Routing Table RAM, for example. 

Figure 1 illustrates a standard continuous-state leaky bucket algorithm. 

10 The first stage 1 represents the arrival of a cell k at time t.(k). Initially, at the ar- 
rival of the first cell at time t,(l), the content X of the bucket is set to zero, and 
the last conformance time (LCT) is set to t a (l). 

At the arrival time' of the k ,h cell, t.(k), the next stage 2 of , the algorithm 
provisionally updates the content of the bucket to the value X, which equals 

15 the content of the bucket X after the arrival of the last conforming cell minus 
the amount the bucket has drained :since that arri val. The value of. X' is then 
tested at 3 to determine whether it is negative, *nd if it is the value of X' is set at 
4 to zero, since it cannot in! reality be a negative value. The cell is then desig- 
nated at 5 as conforming, the value of the bucket content X is set to X' plus the 

20 increment, which in this* case. will mean simply the increment, and the LCT is 

set at t a (k). ' " ' : 

. If X' is not negative, -stage 6 tests whether X' is greater than the limit 
value L. If the result is positive, the cell is non-conforming (7) and the values of 
X and LCT are not changed. 'If X is less than or equal to the limit value L, the 
25 cell is conforming, and at stage 5 the bucket content X is again set to X plus the 
increment I for the current cell, and the last conformance time LCT is set to the 



current time t a (k): v • • .... • . - 

Typically, more than one bucket will be employed, to monitor different 
aspects of the traffic, for example one bucket will monitor peak flow, while an- 
other will monitor the average flows. It may be desirable to employ several 
5 buckets to provide a more precise policing of cell traffic. Conventionally, the 
buckets are operated in sequence, with, for example, the first bucket monitoring 
peak flow, and the next bucket monitoring the average flow- When a bucket 
overflows, it can either discard all cells, or discard CLPO cells and change the 
CLP1 cells to CLPO cells, a process referred to as "tagging 15 . A problem with op- 
10 eratirig in sequence, or cascading, is that the delay due to the need to complete 
one bucket's processing before starting, the next may adversely affect the per- 
formance of the switch. Reducing the delay is cpnventipnally achieved by faster 
processing, which requires more complex and expensive hardware. 

An object of the present invention is to provide different implementa- 
15 tions of the leaky bucket ^algorithm in an ATM switch cell processor which are 
'rapid in operation without requiring large and costly processing hardware. 
Summary of the Invention • .< 

According to the invention there is provided an ATM cell switch com- 
prising a plurality of data input/output link controllers connected tp external 
20 data links, each- link-controller comprising ;a, leaky bucket processor to monitor 
and control cell flow rates, the leaky bucket processor comprising^ timer means 
for timing the arrival of each ATM cell, .and calculating means to calculate the 
time interval between the reception of two .consecutive cells on the sarne connec- 
tion, means for storing a predetermined regular bucket increment, means for de~ 
25. termining from the calculated time interval, and from the predetermined regular 
bucket increment the resultant level in. the bucket, and means for comparing the 
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: resultant level in the bucket with a predetermined maximum level and, if the 
maximum level will be exceeded, for discarding, or changing the Cell Loss Prior- 
ity of, the current cell, characterised in that the leaky bucket processor comprises 
means for performing the calculation of the resultant bucket level for a pair of 
5 buckets simultaneously. For example, the buckets can be for monitoring peak 
and average cell flows respectively . 

Preferably, the leaky bucket processor comprises means for carrying out 
the following steps upon receipt of a cell on a connection: 

a) simultaneously recalculate the level values for a pair of different 

10 buckets in parallel; 

b) determine for each of the buckets whether the predetermined level 

has been exceeded; .-. 

c) determine whether each bucket is valid for the current cell; 

d) determine whether the increment value should be added to the 
15 bucket value before writing back the new value to the bucket; and 

e) determine whether the cell is to be discarded and, if not, whether 
the Cell Priority is to be changed ' 

The timer means suitably provides 32-bit time values, the time difference 
being calculated using only the 16 least significant bits. 
20 The leaky bucket processor' preferably comprises two 16-bit 

adder/subtractors, to calculate the time interval between reception of two cells 
on the same connection, and two magnitude comparators to compare the new 
levels of the buckets with the maximum permitted levels and to signal that the 
cell should be discarded if the maximum permitted level would be exceeded by 

25 inclusion of that cell. 

The invention also provides an ATM cell header translator comprising 
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means for processing cell header data : for : eachrincbming.cdl to determine how 
the cell should be handled in the switch, the processing means comprising a 
header processor, means for reading the. cell header for each incoming cell and 
for passing the data to the header processor, FIFQ register means for receiving 
5 the cell whose header has been read, and means for writing new destination 
header data to the cell as it emerges from the FIFO register means. 

The invention further provides a method of leaky bucket processing in 
an ATM cell switch, the method comprising: . . 

a) simultaneously recalculating the level values for a pair of different 

10 buckets in parallel; ; 

b) determining for each of the buckets whether the predetermined 

level has been exceeded; 

c) determining whether each bucket is valid for the current cell; 

d) determining whether the increment value should be added to the 
15 bucket value before writing back the new value to the bucket; and 

e) determining whether the cell is to be discarded and, if not, 
whether the Cell Priority is to be changed. 

- * The ATM cell switch is suitable, for example, for operating on two bi- 
directional 155 Mbit/sec data links. , . 
20 Brief Description of the.Drawings 3 
In the drawings: ■. ■ 

Figure- 1 is a. flow diagram illustrating the conventional operation of a 
leaky bucket in an ATM switch; 

Figure 2 is a block diagram of a switch; in accordance with one embodi- 
25 ment of the invention; 

: Figure 3 is a block diagram of the cell processor forming part of the 



• switch of Pigure 2; and . ; . . 

Figure 4 is a flow diagram representing the operation of the processor of 

• '.Figure .3. ■ ■■ • ' • ■ 

Detailed Description of the; Illustrated Embodiments 
5 . In general, the sequence of operations of the leaky bucket processor is as 

follows (a more detailed description is given hereinafter wjth reference to the 

Figures): - 

(a) Wait for a cell to arrive on a given connection; 

(b) When a cell arrives, look for the time stamp for the previous cell 
10 on the same connection; 

(c) Subtract the previous cell time stamp value from the current time 

to give the time difference; .... 

(d) Read the current bucket, level from the RAM - this is.the level af- 
ter the last cell came in; ; - 

15 . (e) Subtract the time difference calculated at (c) from the. previous 
, . bucket level obtained at (d). This gives the new bucket level. If the result is 
negative, the new bucket- leveHs set at zero; = ..»,.,., 

• (0 Read the bucket maximum value (the configured maximum value); 

(g) Compare the new bucket level calculated , in , (e) with the value 

20 from (0; . ■ >'-. x- ! : 

(h) • Assess the eligibility- of the new cell. to decide whether the cell 

should have gone into the bucket. • • • 

• The eligibility requirements are different for each bucket. In each bucket, 
the cell is only passed if: (a) the bucket does not overflow; (b) the cell was not 
25 eligible for the bucket; or (c); the bucket does overflow and the cell priority has 
been changed, . * 
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Referring to Figure 2, a link controller 10 of an ATM cell, switch is 
shown, with the cell controller device 20 being the heart of the engine perform- 
ing all arithmetic and logic functions involved in cell processing. This device in- 
terfaces to a routing table 21 implemented from 3 2-bit wide static RAM. This is 
5 used to store cell header translations, counts of correctly received, discarded and 
transmitted cells and "leaky bucket" calculation parameters. The routing table is 
implemented as a two stage "look-up*. 

Four independent circuits are used, one to control the . flow of ATM cells 
on each of two links in each direction, all being controlled by one cell controller. 
10 Only one of these circuits, an input stage 22, is illustrated in Figure 2 for the 
sake 6f clarity. Each circuit consists of a FIFO (first in first out) register 23 
which allows the flow of cells to continue while a header is being processed. 
Separate registers 24 and 25 are used for storing the received and amended 32-bit 
cell headers for each link in each direction. These registers 24 and 25 reorder the 
15 : bits in the 4 byte ATM cell header so that the VGI field occupies bits 15 to 0, 
; the VPI field is bits 27 to 16, and the CLP bit and payload type field are bits 31 
to 28 respectively. The registers are connected to a common peripheral bus 26 
and connected to the cell header processor device 20. ' 

A 32-bit timer 27, also connected to the peripheral data bus 26, is used 

20 for time-stamping each of the cells to enable the leaky bucket processing to be 
performed. The actual cell processing is performed in the cell controller device 20 
containing a number of processing elements which may operate in parallel and 
which are dedicated to ATM cell processing. Link control logic 28 controls the 
handling of the cell, in particular the reading and writing of the cell header, and 
25 its storing in and reading out from the FIFO 23. 

Referring to Figure 3, the main features of the ATM cell controller 20 are 
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as follows 7 : The time is determined as a 32-bit value, to prevent aliasing; where 
' the time difference is more than a 16-bit value, it will be seen as small instead of 
the true higher value, • if « only 16-bit time values are used. As a first step, the 
• time difference is tested. The time value is. input from the peripheral data bus 

5 via an input/output (i/o); register 31, and the old. time value is read from the 
Routing Table RAM 21 (Figure 2) via a second i/o register 32. 

Two 16-bit adder/subtractors 33 and 34 are used to calculate the time in- 
terval (16 least significant bits) between the reception of two cells on the same 
connection (State 2 in Figure 1). They also allow two 16-bit buckets to be proc- 

10 essed simultaneously. One of these adders 33 (on the least significant half of the 
data bus) is also used for adding the actual cell VCI to the VCI pointer during 
the routing table look-up. ■ The 32-bit values are then split so that the lower 
' 16-bits are considered by a first adder/subtractor device 33, while the upper 
16-bits are considered by a second adder/subtractor device 34. These 

15 adder/subtractor devices 33 and 34 are configured so as to be able to perform al- 
ternatively A+B or A-B operations, Initially both devices carry out a subtrac- 
tion. For the upper 16-bits, the second adder/subtractor device 34 gives a 0 or 1 
result, which is considered together with the : result from,. the first, device 33. 
There are two possible results for a valid number: if the upper difference is 0 and 

20 the lower result is positive; and if the ^dlB^toX^te^^* 
negative. Any other result is invalid, and all the buckets are zeroed. . If a valid 
time difference is produced in this operation, the result is stored in a time differ- 
ence register 38. If the time difference is greater than 65536 time units then the 
timer is said to have "expired" and the interval is considered.so great that the 

25 cell is conforming in all buckets. and they are .all zeroed. 

The bucket values are then calculated. Firstly, the 16-bit current bucket 
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values for the respective buckets are read from ;the Routing Table RAM via the 
i/o register 32 and fed to the A-inputs of the:adder/subtractpr devices 33 and 34 
via multiplexers 33c and 34c. The identical - stored 16-bit time difference is then 
fed from the register 38 to the B-inputs of the same adder/subtractors via muiti- 
5 plexers 33a and 34a. In each adder/subtractor an A-B subtraction operation is 
carried out for the respective bucket and the results are stored in the pre- 
loadable counters 35 and 36 respectively. : If the negative. flag output (bucket 
overflow) 33b or 34b is set to true, the respective register 35 or 36 is set to zero. 
This zeros the bucket value if it would have, been negative. . . (States 3 and 4 in 

10 Figure 1.) - 

In the next step, the respective bucket maximum values for the two buck- 
ets are read from the Routing Table RAM via the i/o. register 32 into the A- 
inputs of the adder/subtractors 33 and 34, via multiplexers 33c and 34c, and the 
bucket values from the registers 35 and 36 are fedr.to the respective B-inputs via 

15 multiplexers 33a and 34a, and a further A-B operation is. carried out in each 

' adder/subtractor. (State 6 in Figure; 1.) These results are not written to the reg- 
isters; instead the values of the; negative flag.outputs 33b and, 34b are considered. 
These show whether either of the buckets has overflowed or riot - if the value is 
negative, overflow has occurred; ' ■■ - : : > : . • 

20 For the cell' to be eligible for a particular, bucket, the.CLP bit for the cell 

must correspond to the bucket control register bit for the bucket and, for a cas- 
caded bucket, the cell must not have been discarded by a previous bucket. Con- 
trol logic -39 determines the eligibility of the cell in each of the buckets, 
conformance/non-conformance in each bucket and any CLP tagging. , There are 

25 three possible outcomes of the bucket processing: (1) The bucket is not applica- 
ble for the cell, so the cell is passed unchanged (States 3, 6, 7 of Figure 1); (2) 
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The cell is conforming (negative flag 33b or 34b not set during state 6 of Figure 
1) and either the time, has expired or the bucket level test result is not negative; 
.(3) The cell is non-conforming if the bucket is valid and the conformance test 
fails. The control logic 39 also controls tagging via the cell header translation 
5 logic 40, described hereinafter. The inputs to the control logic 39 are the nega- 
tive flags 33b and 34b, and an input from the Routing Table via the register 32. 
The outputs go to all the multiplexers and registers to control their operation; 
the links. are omitted for the sake of clarity. 

The increment value is read from the Routing Table RAM via the i/o 

10 register 32 and the multiplexers 33c and 34c to the A-inputs of the 
adder/subtracters 33 and 34, while the current bucket values are fed back into 
the B-inputs r from counters 35 and 36. The A and B-inputs are then added to- 
gether and the results are stored in the counters 35 and 36 if the cell is conform- 
ing (State 5 in Figure 1). The 16-bit new bucket values are then written to the 

15 Routing Table RAM through the multiplexer 37 and via the i/o register 32. 

The new time, which is the time value when the time difference was cal- 
culated is then written from the register 31 via the adder/subtracter A-inputs 
(while the B-inputs select zero), with the result being written to the counters 35 
and 36 respectively. Again, the two 16-bit values are multiplexed through the 

20 multiplexer 37 and written to the Routing Table RAM via the i/o register 32 to 
provide the time stamp. 

. The cell header translation logic 40, comprising 32 x 2-input AND gates, 
32 x 2-input OR gates, 32 x 4 to 1 multiplexers, and a 32 bit register, ANDs the 
stored header with a masking parameter from the Routing Table and then ORs 

25 the result with a new value parameter to translate the header for the next stage 
of the connection. This new value of the cell header is read from the register in 
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40 through the i/o register 31 to be stored In We register 25" (Figure 2) to be ap- 
pended to the front of the cell stored in the FIFO 23. 

A comparator 30 is used to identify CAM* (operations and maintenance) 
cells in a virtual path connection, i.e. with a VCI address of 0003h or 0004h, 
5 0006h or 0007h, and to flag such O AM "cells to by-pass' the leaky bucket 
processing. 

Independent adder/subtractor devices 33 and 34 allow the parallel buck- 
ets to operate independently. All bucket processing is performed on 16-bit inte- 
ger values. Since the buckets operate "two in parallel", the results of the buckets 
10 are available more quickly than in conventional processors, where the buckets 
are processed sequentially. 

Figure 4 represents the ATM cell processing algorithm accomplished at 
least partially in the cell processor described hereinbefore with reference to Fig- 
ure 3. The sequence of steps in the algorithm, identified by the reference letters 
15 and numbers on the Figure, is as follows: 

SO) Cell headers read from tKe incoming ATM cell are copied into the 
appropriate cell header registers 24 (Figure 2). A flag is generated by Control logic 
28 and sent to the ATM processor device 20 (Fig 3) to indicate that a cell re- 
quest is pending. 
20 Receiver 

SRI) The VPI from the cell header stored in 40 (Figure 3) is output via 
the multiplexer 42 and output register 43 as the address for the VCI pointer en- 
try. The VCI pointer is stored in i/o register 32. * 

SR2) The VCI Range value is read. This is used to indicate whether there 
25 is a valid entry in the routing table for the cell header being processed. One con- 
trol bit in this entry will indicate if this is a virtual path entry, meaning that the 
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VCI will be ignored. A second control bit "discard" can be set to discard all en- 
tries for this particular VP. The VCI pointer is read from the i/o register 32 
through the multiplexer 42 to be stored in the address register 41. 

SR3) The VCI pointer is applied from the. Routing Table to the A-input 
5 of the adder/subtractor 33 and the cell VCI from the register in 40 is applied to 
the B-input, and the sum is routed through output multiplexer 42 to the input 
of the address register 41, but. is only stored in the register if it is not a VP 
connection. 

SR4) Idle State. The cell VCI value is compared with the allowed range 

10 for this particular VP to ensure that there is a valid entry. 

SR5) The 32 bit time value of the last successful cell on the connection is 

read. ' • 

SR5a) If the VCI is not in range or the discard bit is set then this state is 

entered to discard an invalid cell. 

15 SR6) The Bucket. Control Register is read. This determines which type of 

traffic (CLPO or CLP 1 or both) each of the different leaky bucket algorithms will 
operate on. It also determines whether CLPO cells which exceed a bucket rate 
will be discarded or converted to CLP1 cells. 

SR7) The lst/2nd Bucket Value is read. This 32 bit word is the current 

20 value of the first and second leaky buckets (bit 0 to bit 15 is the first bucket 
value, bit 16 to bit 3 1 is second bucket value). Also the time difference between 
the current time and time stamp of the last cell (read in SR5) is calculated. Two 
independent 16 bit subtracters (33 and 34) are used. Only the 16 least significant 
bits of the time difference is used in the bucket calculations. If the 16 most sig- 

25 nificant bit calculation exceeds a value of one then the time difference is said to 
have expired. (The two cells were so far apart that all relevant buckets will be 
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zeroed and the cell admitted). • . ^ : . > . - . '. r 

SR8) The Switch Fabric Header (XP Hdr.) is. read. This value is used to 
determine the routing of the cell within therATM switch. Certain control bits 
also indicate whether the cell should be sent to thei slave processor or if it should 
5 be discarded (invalid VCI value), 

SR9) The lst/2nd Bucket Maximum value is read from the Routing Ta- 
ble RAM, This 32 bit word is split between first and second leaky buckets in a 
similar way to the lst/2nd bucket value. The 16 bit adder/subtracters (33 and 
34) subtract the 16 bit time difference (calculated in SR7) from the lst/2nd 
10 Bucket Value. ' 

SR10) The lst/2nd Bucket Increment is read from the Routing Table 
RAM. Again, this 32 bit parameter is the increments for first and second leaky 
buckets. 1 v <; 

SR11) The 3rd/4th Bucket Value is read from the Routing Table RAM. 
15 These are the current values for the third and fourth leaky buckets, split in a 
similar way. The new- ? lst/2nd Bucket Values are subtracted from the lst/2nd 
Maximum Values (33 and 34)- and a flag is set (for each relevant bucket) to indi- 
cate any overflow. ; ; 

- SRI la) This state is entered if the cell is to be sent to the Slave processor. 
20 This is dbne if the relevant bit in the XP Hdr.: is set (SR8) or if it is an OAM 
(Operation and Maintenance) cell. 

SR12) The Cell Headet Mask value is read. The result of the lst/2nd 
bucket calculations (or zero if negative) are added to the increment values, if 
valid for the cell type (Bucket Control Register) and if a conforming cell entered 
25 the bucket. 

SR13) The 3rd/4th Bucket Maximum value is read, again from the 



Routing Table RAM. This is.the maximum value for the third and fourth leaky 
buckets. The time difference is subtracted from the current bucket values. The 
cell header is ANDed with the mask value. 

SR14) The. lst/2nd Bucket Values are written back. 
5 SRI 5) The 3rd/4th Bucket Increments are read. These are the increments 

for the third and fourth leaky buckets. The 3rd/4th Bucket new values are sub- 
tracted.from the Maximum, values, and independent flags are set according to 
relevant bucket overflow. - . 

SR15a) This is an idle state to allow the results of the 3rd and 4th buck- 

10 ets to be assessed. 

SR16) The Receive Cell Count is read, or if the cell has been rejected by 
one of the buckets the receive overflow count is read. This value will be incre- 
mented and re-written if the cell is accepted. 

SRI 7) The Cell Header New Value is read. The 3jrd/4th Bucket Value (or 
15 zero, if it is negative) is added to the increment value, if valid for the cell type 
(Bucket Control Register) and if a conforming cell entered the bucket. 
SRI 8) The Cell Header is, QRed with the. new value. 

SR19) The relevant results of the 3rd/4th (second and third leaky buck- 
ets) are re-written. The Received Cell count is incremented. 
20 SR20) The Current 32 bit Time is written to the routing table and the 

new cell header is written to the cell header register. , 

SR21) The Received Cell Count is re-written,, and the state machine then 
returns to idle. The cell is admitted unless discarded by one of the buckets. 

Transmitter 

25 ST1) The. VPI.from the cell header stored in 40 (Figure 3) is output via 

the multiplexer 42 and output register 43 as the address for the V.CI pointer 
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entry. The VCl pointer is stored in i/o 'register 32-. 

ST2) The VCI Range value is read. This is used to indicate whether there 
is a valid entry in the routing table for the cell header being processed. One con- 
trot bit in this entry will indicate if this is a virtual path entry, meaning that the 
5 VCI will be ignored. A second control bit "discard" can be set to discard all en- 
tries for this particular VP. The VCI pointer is read from the i/o register 32 
through the multiplexer 42 to be stored in the address register 41. 

ST3) The VCI pointer is applied from the Routing Table to the A-input 
of the adder/subtractor 33 and the cell VCI from the register in 40 is applied to 
10 the B-input, and the sum is routed through output multiplexer 42 to the input 
of the address register 41, but is Only stored in the register if it is not a VP 
connection. * 

ST4) Idle State. The cell VCI value is compared with the allowed range 
for this particular VP to ensure that there is a valid entry. 
15 ST5) The Transmit Cell Count is read. Two values are used, one for the 

CLPO cells and one for the CLP1 cells. 

ST5a) If the VCI is not in range or the discard bit is set, then this state is 
entered to discard an invalid cell;' 

ST6) The cell discard control 5 bits are read from the Routing Table. 
20 ST7) The Cell Header Mask value is read. i ; 

ST8) The Cell Header New Value is read and the Mask is ANDed with 
the cell header (40, Figure 3). 

ST9) The Cell Header is ORed with 1 the New Value. 

ST10) The Transmit Cell count is re-written, the cell is discarded if the 
25 "discard" bit is set, and the cell header is written to the cell header register. The 
state machine returns to the idle state. 
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CLAIMS . ,. : : ^,;,. v: . 

lv An ATM -cell, switch comprising a plurality of data input/output 
link controllers connected to external data links, each link controller comprising 
a leaky bucket processor to monitor, and control cell flow rates, the leaky bucket 
5 processor comprising timer means for timing the arrival of each ATM cell, and 
calculating means to calculate the time interval between the reception of two 
consecutive cells on the same connection, means for storing a predetermined 
regular bucket increment, means for determining from the calculated time inter- 
val and from the predetermined regular bucket increment the resultant level in 

10 the bucket, and means for comparing the resultant level in the bucket with a 
predetermined maximum level and, if the maximum level will be exceeded, for 
discarding^ or changing the Cell Loss Priority of, the current cell, characterised 
in that the leaky bucket processor is arranged to perform the calculation of the 
resultant bucket level for a pair of buckets ; simultaneously. 

15 2. An ATM ceil switch according to. Claim 1, wherein the leaky 

bucket processor is arranged to carry out the following steps upon receipt of a 
; cell on a connection: l<v - ;: , : 

a) simultaneously recalculate the level values for a pair of different 
buckets in parallel; • • . fs 

20 b) determine for each of the buckets whether^the.predetermined level 

h as been exceeded; . ; ? *. , 

c) determine whether each bucket is valid for the current cell; 

d) determine whether the increment value should be added to the 
bucket value before writing back the new value to the bucket; and 

25 e) determine whether the cell is to be discarded and, if not, whether 

the Cell Priority is to be changed 
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3. An ATM cell switch according to Claim 1 or 2, wherein the timer 
means provides 22-bit time values, and : the time difference is calculated using 
only the 16 least significant bits. 

4. An ATM cell switch according to Claim 1> 2 or 3, wherein the 
5 leaky bucket processor comprises two 16-bit adder/subtractors to calculate the 

time interval between the reception of two cells on the same connection, and 
two magnitude comparators to compare 1 the new levels' of the buckets with the 
maximum permitted levels and to signal that the cell should be discarded if the 
maximum permitted level would be exceeded by inclusion of that cell. 

10 5. An ATM cell switch comprising means for processing cell header 

data for each incoming cell to determine how the cell should be handled in the 
switch, the processing means comprising a header processor, means for reading 
the cell header for each ' incoming cell and for passing the data to the header 
processor, FIFO register means receiving the cell whose header -has been read, 

15 and means for writing new destination header data to the cell as it emerges from 
the FIFO register: ' ' 

6. A method of leaky bucket processing in an ATM cell switch, the 
method comprising: »■■ 

a) simultaneously recalculating the level values for a pair of different 
20 buckets in parallel; *' . . . , 

b) determining for each of the buckets whether the predetermined 
level has been exceeded; ^ 

c) determining whether each bucket is valid for the current cell; 

d) determining whether the increment value should be added to the 
25 bucket value before writing back the new 1 value to the bucket; and 

e) determining whether the cell is to be discarded and, if not, 
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whether the Cell Priority is to be changed. 

- 7. Ah ATM cell switch, substantially as described with reference to 

Figures 2 to 4 of the drawings. 
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